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The writer was born iu (it. louis, Misweourt, 15 April 
1920, and lived there and in consas City, siissouri, for six 


years vefore he movec witn bis family to lailas, Texas. 


lie received ais eiementary training at ths Armstrong 
Sohool] ani als secondary training at toe Aighlenc -ark filgh 
L@hovl in sallas, we attended The dice insitate at Mouston, 
Sexes, froa waich hoe receive: the degree of Sacheler of  clenes 


in Vnemieal anginesring in april, 1945. 


Iomediately apon graduation from The sice institute, as 
went on active duty with toe Navel Neserve, serving eighteen 
montas in toe Marsnail islanés. He returned to the United 
states to enter the United “tates Javal acadesy postgraduate 
guurse in Srdananes sngineering |ixplosives) at Annapolis. 
Tho extension of tnis course is row in progress &t Cornell 


university. 
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Before tue entrance of the United otates into Yorld «ar 
ll, altration~-grade toluene (It tolaene) was obtained in 
Polatively sasll quantities from numerous coke-oven Opsrat~- — 


(20) Sucause tois production was 


fons throughout the countrye 
& by-product ralated to the mining sand utilisation of soai, 

it was impossible economically and quicxiy to inerease to ine 
crease ti cuantity of toluene from this souree.e The entire in- 
tegrated process for maxing aynthetic nitration-grads tolucne 
from petroleum hod been worked oat by 4940.29) the Baytown, 
fexas, refinery of Tne Humble Ji] and icfining Company was the 
first plant to produes synthetic nitretion-grace toluene on a 
commraial soaie from petroleus., In the year after Cearl 


Harbor, this refinery supplied over nalf of the toluene used 


in America to mace trinitroteluene (THT). 


fas toluene production vefore World Gar I was less than 
& million gajions annually (U. .. Bureau of Hines data) sinca 
by-product Goxing wee prastioud to a limited extent only. Sy 
1918 <ae production was @imost nine million gallons per year. 
ia the year after ‘orid War I, production dropped to one or 
two million gaijons @nnually and them rose steadily aumtil 


it was about thirty wilidien ghilons for 1946. 
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Grudge petrolewa of the type availabic during corld sar ITI 
contains roughly balf of one per cent of toluene, Bithough the 
enmenn of eome orades is as high as one oF two per Gente To 
provide the necessary nitration-grade toluene above that aveil- 
ablo fros the cosl-tar industry, by extracting tao natural tol- 
une present in petroleum orades, it would be neosssary to pro- 
eens in a 6peois] asnner nearly one-thira of aii the crude 
nayhths procuced in this country. ‘nerefors, the production 


of synthetic tolusne seemed the only promising alternative. 


fo bridge the gap between the pre-wer supply of toluene 
from tre eoSi~-tar ingustry and the cemana for over tao hun- 
Grec miliion gallons reguired annually for wer-tise operations, 
the Oataiytic pydroforming pruessi, Geveloped by <tandardé O11 
of sew versey and tae we Ve Lollogg Company in pescetine 
primarily for tas desulfurisation and octene Laprovement of 
motor gasdiineca, whe lomociately sviliabie for the production 
of synthetic tolacne from selected putroleam fractions. 
The Gra@cedg produots of the older iaubbs and otoor thermel 
eraccing unite were not Wory aigh in arowatic content and 
therefore did not lend themssives to the further proedaction 
of toluene On Gn eeonomion] basise The cracked products from 
Onutalyti¢c cragking chambers, om the other Band, can be made 


rich in arometics by suitably adjusting the ccacking conditions. 
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These are the only large seele sources of toluene todny. 
Bata oF Tong?) 


foluens, or toluol, is methyl bensene or phony] aethane. 
it is @ coloriess, inflaswable li;cuid with a bigh refractive 
indexe As &n aromatic hydrocarbon, it sas excellent anti- 
4nec< properties. Ite boiling point is variously Gesor ibdved 
&s volng between 110.8° and 110.6° ©, watle its freesing point 
is ~ 92.49 ©. olugez bas a molegadar weight of 98.06 and its 


specifia gravity is 0.8703. 


Telucns resembles Benzene in mony way6, Glithough it 
aiffers froa it somewhat in combustion posnomene at hig 
preseursie <cTesence of w Blee chain in tho tolusne nacieus 
facilitates oxigation, Bul also gives rise to complications 
cue to ite simulatene.2as oxldstion with tae nucleus. Thus it 
bas been found tast benzyl] aloonkol, benzaldehyds and benzoic 
aGia are formsd 46 tia result of a side-chain oxidation, 
toguthor wita 2+ @ dihydroxy toluene end other aromatic Gi- 


hyéroazy derivatives. 


Toluene differs from benzene in that there is 8 well de- 
fiave Inductiun pariod presseding reaction snd it is easier to 


euntrol sabsequent oxidation to produce considerable  ,usnt~ 
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itivs of one or the other intermediate products. For ox- 
amole, high pressure, togeticr with the excees «ff the hyéro- 
carbon, favor sarvivai of tne alovhold, waile a progressive 
ineroase in the oaygen concentration causes toe reaction tu 
process at first mainiy to the Sldebyde stage and then to 
benzoio acic. By oareful Gontrol it is found possivie, even 
in tee static system, to obtain yields of aromatic derivatives 
representing more than seventy per cent of tae tolaene con- 
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Tuyluene is present ae such in some Grade petruleuns, 
Sud oan be recivered Girectly by Gistiliation. The non-wazy, 
high-gravity crades of Sorneo have a sigh aromatic centerit. 
Jenseus, tOluune and aighur hom logs, n&éphthalone cerivatives, 
cyclic bydrocarbvons, decallne ani tetraline are gresent. 
The crades contain about o:,ue] parte of aromatics ( largely 
tolaene], napithalenese and pareffins. The tolsene fraction 
of Sorneo crucGe wis used for manufecture of TET daring Worlé 
ber i not only in cngland, but also in franes, Holland and 
Goraanye. an eatiy oa 1906, 1t hag been discovered, that the 
Volatile fractions (38° - 60° ©) of Jorneo crude contained 


@luo nephtazionss anc anusually large quentities of sromatic 
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hydrocarbons, Smounting to 68 much as forty per cunt and 
identified as bensens, toluese and meta nylence it first 
this higa arowatic content rendered the Bornso srads of low 
commercial valas, but later 1% proved to be of greatest in~ 
portance to the Eriticn fapire as a souree for tolacne for 
the Portsneadc TET plante “ha Sorne0 orade Leported into 
naglamd at thst ties aad a s.ccific gravity of 0.785; twanty 
per cent distilled below 100° GC, fhe erades contained seven 
per cant of benzene, fourteen per sent of toluene, fifteen 


per cent of xylenes sad four peresat of nigser aromutice. 


A gimilar ratio of bunsene, toluene and tylene oxists in 
tne Aromatic hydrocarbon content of some iranian cruder. 


ome Aumanian crades are also rich in sromatices. 


Compounds present in crude mayatha can bo classified as 
pereffins, papitsence (cyclic paraffins) and sromatics. 
sepathenes may Contais rings of either five or six carbon 
“tome. For many years it bas been cnown that with the aid of 
dehydrvgenati.n catalysts, na,bthenes containing aix oarbon 
atoms in tas ring and norm) paraffias sould be converted 
to arouatios, but process#se using these oataulysts had nover 
bevoms commeroinl becuase the Oatalysts ragid.y becese in- 


astivated by fouling and coxe asposition. Table I, pags 7, 
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gives the toluene anc metnyl cyecldnexane contents of rep 


resentative american cradss. The volmen per cant uf methyl 


gaayg yi2°) 


Zoluene and methyl cyclohexane pilus 
ethyi cyclopsntane contents of rap- 
resentative /merieen crudes (volume 


per evnt) 
Pace Tojuens 86d 
foxea Coastal 0.05 108 
Conroe weld ZeS 
Kast Texas 0.40 ie? 
aottlemn Bills O70 Bel 
Midway Lignt 0.02 0.5% 
Korth sweden Kixture 0.60 oe? 
Jorbandls Gen £8 
Fecos 0.05 ie0 
ie? ago 0.26 8.9 
bait flat recions 0.19 105 
Gante Saria 0.15 0.79 
garland nid of 
Zombal] <ixturs 119 Bel 
Tonsley 6.02 0.65 
Seat Texas 0, 50 1.8 
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cyclohexane reported includes aleo ethyl eyelcpentane. 


ind L« 


am wh 
teased esis 
SET EE 3 2 


| 
) 
I 
; 





Cations are tuat etny)] cyclopentane may coaprise betwoen fif- 
teen anc twenty per cent of tae total metayl cyclohexane (NCH) 


etayl cyclopentene (202) shesare,! 


Tria table will be ra- 
ferred to later in connection with the discussion of sathyl 


oyGlohexane 46 souroe of toluene. 
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Linee straight thermal eracacing gives only very low 
yields of toluene, it has Little importance a6 a source of 
this wateriale Toluene from petroleum is made by catalytic 
craccinge The Gutalytic process» may be classified tuto fixece- 
bed anu moving-bed reactions. To the Pormer class belong tre 
Older Houcry process, tue newer nydroforming process, cyclo- 
version ana various otaer minor variations of these. To tie 
jatter class belong two new procesess known rospectively as 
tos thermofor catslytic orseing (TOO) process and the fluid 


Gatalyst process. 


Tae first commergial catalytic oracking plant wae placed 
On stroma at the “eulsboro, New Jersey, refinery of tare cocony 
Vaouum Jij Company, in 1956, using tne Houdry process. This 
wae toe only catalytic oraccing process in comsercial operation 
waen the United Cvates entered Zorld War Li. Of the three 
ima Jor catalytic orackiag processes (Houdry, fiuig and [0C} the 
doudry precess represents some twenty-nine per cent of tho 
total catalytic chamber volume, wilie ths fluid process roe 
presente fifty per cent and tao tnermefor process, thirty-one 


(2) 


por cent. fhe eyelowersion, thersofor end floid processus 


ali rescaed Cowrneredalizsetion efter *vonrl] Harbvore 
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The many methods wnich have been Geseribed in the liter- 
ature fur the manafacture of toluene represent 4 wide soever~ 
age of tho field of syntaetics. ‘uch methous, other than 
those dimussed avove, ineluce tao dihydrogenation uf relative- 


ly pare metuyl cyelosexuno! 24s 26, 19) 


» tho sinulteancsus de- 
hydrogeaation and cyoliszstion of normsi haptane\™+ 5s Ty 8, 
¥, dd, 27, 18, 19, o2) tae mixing of mothsme snd benzene in 
the presence of Catalysts at bigh temperatures anc preseuren!**! , 
she treatment uf phthalic acid or phthalic enhgdrtda with 


ayeregen at Yaigec temderatures and orossaree in the presence 


(26) 


of catalysté o the furmation of tolaeme and other lf, aid 


uydrocarbons from acetylene whieh sas been subjected to pryro- 


(35) 


gonetic conversion in tae presence of Sydrogen » and many 


Others. 


4 brie? discussion of tue more important sataigtic pro- 
Sussue fe given below, foilowed by & brief resumes of some of 


tie various catalysts ased. 
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SHG HOULRY CATALYTIC CkaGKInG PRDcgeyl®s 6» 21) 


The Jioudry proeeas first Came to general noticu when a 
former French wetebmedcer, wugens Houcry, and his associstes 
preseated a paper on the catalytic processing of hydrocarbons 
before the Kovembor, 1956, meeting of the «merioan “etroleun 
inatitate. frevious to this announcement, the process had 
Gone througa & long poriodg .f Gevelojmant, Gating bace to 
a6 e@rly o6 924. Tne Pirst comssrcial plant using tre 
Hougry procese was pat inte production at the caunlabora, Kaw 


dersey, refinery of the cocony Vaewam vil Company in 1956. 


The Hoadry Catalytic Cracxing process Invelves merely 
tie peesing of bydroaearbone through a fixed catalyst bad 
contained in tae so-called Gateliyst or reaction "vases". 
This processing of the hydrogarbone is usually performed in 
tha Vapor phages, although thie is not mocessary. The Koudry 
process 18 basud on thres groups of interrelated inventions. 
shese comprise, first, tae gatalyats toemselves (discussod 
later, see *Catalysts", page 54), eseond, the apperatue in 
woieh thea arude BtOGK and the eatalyst are brought into cua- 
tact, 4nd taird, the metRocs and manipulations by whton tan 
Gatajiyst reaction is induced and controlled. ‘The comuereial 


success of the process depends on the preper functioning of 
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tae catalyst, tae reaction vessels and tne eontrols. 


Letualiy, estalytie ruzeares had buen increasing on a 
wice scale aniil 1901 when wost petrolews faterssts ware try~ 
ing to find & eatezlytic matbod to replace tae taermsl orasit- 
ing processes which wore rater westefua, »*5! vat the solving 
ef the auin probdlums by Sugene Koudry opened up the fiela for 
lester nevances. Tae basic principles of Houdry'’s original de~ 
sign were not chaemgec until after the beginning of vorla Yar 
ii ana tue subsacuent acceleration of rosesren. Until the 
iguary procese was placed in operation, the problem of entaiyst 


regenursaiica hea not been succeasfuily solvete 


tae doucry process isvolves passing & siream of Sat hydre- 
carbon yapor, with a emall saount of steer to eesure the maint~ 
adining of the Vapor olature above ite dew point in toe reactor 
Cases, through the Cateiyet eases, Collecting anc separet ing 
tse Galalyivé products and regenerating tre catelizyet when ite 
@ctivity Sea begen (2 droge ‘imple as 1% may sound, this oper 
ation presentsé terivas mechenileal exd eoustructiconal dif ftiel- 
ties. he clroumstences te whitn a Louwiry catalyat case mast 
ounforn &9 execiing. For effielent eragcing tae o13 Vapors 
O2ter tie resctor Cases at & temperuters of about nao? 7. 


curing tae oracting, carbdonacecus cepoalts accamulate. Phese 
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mast be burned off at & tesperature above 950° F by passing 

@ carrest of bot air throsga the cases. The change from cracz~ 
ing te regeneration aay be in a period ea short as five sine 
utes. Very careful design is re.uired to buile &@ cass that 
@au witnostand these rapid gnd severe fluetuaticns in texap~ 


eraturee 


Sven this wae a ralatively minor problem. The reaction 
{es endothermic and therefore requires external neating while 
the cnse is on etrenay the regeneration 14 exotnerale and 
® jerge azount of wont must de dissipatec to proteet the 
Catelyat. Since the Gatalyet itscol? ta a reiativeiy puor 
conductor of sent, am eiaborate system of csoling vanes is 
places inside tae catalyst mess in tae cases. These are Bo 
designed taat at no point is the catalyst mora teen about 
one inch wyay fron a vane surfaces. Those vanes ars supported 
oa pipes through weicn Piowe a mixteore of forty per cant 
podium nltrite, seven per sent soediwe nuitrete ané fifty-taree 
per cent potassivun nitrate. This acte as the nmeat-oontrole 
ling medium. The spparatus for elironlating the of] feed, 
the regenerating air and the beat controliine median is con 
Structec «ith toe one thcugat of effecting tae aost rapid 


possible beat exouangee 
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Figure 1 on page 15 is the fiow sneot of om early, simple 
Boudry oraceing wmite Tae aeavy lines trace the path of the 
eraae 01] fea tarough the catalyst cases to tae Cinished 
GracckeG pradugte The dottes line is tae steam line, while ts 
Gazhed ana dotted iiaes are the fused salt flow (-—< ~— **)} 
lines sac tae purge system (~ +). Te fine solid line indi- 


cates tua fiow of regeneration air througa the plant. 


4fter being seated in a furnaces, the feed of] is charged 
to & tar e¢paratwor. fhe O11 is flashed in tae ti separator 
into whies the bot of] wagors are fea tongentially ao taat 
tie tur may be removec by eentrifugal action @6 weil as by 
eettling. The Vapore from the tar separstor are rebectec and 
Mixed wits a littio su,erhente. Bteam to insure that they 
will be above their cer goint befere golag to the eraceving 
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Toere are usauily abuct twelve craccing cesses, with two 
GSlways attached in parallel. True tury are ecanected in two 
groups of six Gases, eaen group bav ing its own inlet and oute 
jet manifolds, Ine operating sche is fer aac pair of eases 
tO Have an OCn~streas pericd of ten winutus. The valving 
eyatem ia arranged #6 that a pair of caces Gomes on strean 


every five sinutas. Tais asceres toate aniform fiow of a412 
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le entering and leaving tue cases. The necessary Valving is 
done automatically by motor-Operated valves controlled by 4 
single eyele thaer. Tae wapors enter the bottom of the deoes 
aud leave at tbo top. Tae outlot Vapors are conducted tirouga 
& series of heat oxchangers (mot showa) where they give up 
toetir beat 16 incoming feed or Sir, and dre them furtaer 
troated Gy some satnod cf recovery (eee “Toluens seoovery"’, 


pnge 47). 


The salient featare of the doudry process 18 tus catalyst 
or reactor cese, and tie method of Gyerating it. These Poate 
ares distibuish toe Houdry preeesa fram the tuermal cracking 
processe The cases usueliy ran about thirty-elgnt foet bigs 
and ate ten or eleven feet in Glameter. They are constructed 
as towers and contais tubes and flanges for eonductiag beat. 
Une weries of tubes is for tae asiternate passage of o13 
Vapors and tae air necessary for regeneration. 4 second 
6eriga Conducts tase Catlyzo6 oli VYauors and tae regeneration 
£a808 to tholr respective outiets. A third series of tubes 
Garrias toe molten seit ased for heat exchange. This salt 


ioses its heat to tue incoming air, a8 expinined jater. 


& typical operation eyeie ia aw follows. Utilizing s 


thirty-slnute eycle, each Guse epends ton minutas on streas 
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while the 041 Vapors are being paswed through for catalysis, 
five winates for purging the case of oll Vapore in preparé- 
tion for regenaration (the o11 Vapors lost are recovered slse- 
where in t20 plant amd recycled), ven minates for tae complies te 
regeneration operation aad five minut:s for purging the case 
eof air and combustion producta in preparation for reeumptiocna 
of catsiysis. it is necessary to remove the kot o11 Vapors 
before admitting air st a burning oeat, and te remove air 
befors admitting o12 vapora to avoid any chanoe of back firing. 
fas purging in seach case ia done by & darumcetrie Vacuas 


Sy Stee 


the regeneration with air ia one Of tne most lateresting 
features of the Houary process. As may ba noted from the fiow 
sheet (Figure i), air is foreea by a blower tarouga & seat ex 
Ghanger where it pieces up sufficient heat from tae solten salt 
to oxidize the carbonaceous Geposit on the catalyst rapidly. 
Upon issuing from the cases, the air passer through ona or 
gore combustion Casss where combustion of carbon monoxide is 
Gomplotece sater developments im tae ioatry protese elisinate 
these combustion oases, which sontaim a eataiyst which redages 
the oxid:tien temperature and allows some of the neat to ts re= 
Covertase After passing threugh the combustion onsea, the Bot 


geees pass through & tardo-cowpresesor unit. Gm arrivel at tne 
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air turbine ef tos turbo-cempressor anit tne hot gases, at 
avout forty-five pounds per @aere inch pressure, ave ex 
pended to atmoaphaeric preeturs; ia 60 dving toey generate 
eRnoagn power tO Operate tN Imitield air bloser and alao 4 
Ssynshronvas geuerator waloh converts thse excess exergy into 
ejeotric power. This uso of & Wurbo~-oompronuor reduces 
Operating expenees considerably. The power geserated is in 
oxcess of toe electrieni poser roculred to operate toe entire 
Roudry plant. For starting tae plant, a starting motsr is 
provided tegetber with pressure baracrs in the air line before 
and after the catelrst qascs, to proviae tue necessary etart- 


lag beate 


There have been many laprovements on tae original] Aouedry 
design, the iatest auc most important of shieh is tae adiabat- 
le @perating process waleh utilisaa part of tae buet generated 
curing the cowbustion of tie carbonaceous deposit om the oate 
aiyst mre effleleutiye. The process io net fully adfabatic 
and the héest baleues is not as preeite as this theraodyntmic 


torm implluse 


in the estalytic operations ceserivudc above, the temp 
erature im the reactor is belé at about 628° ¢ to 850° F. 
About twenty per cent of this ea: is atilisesé for seat 


reaction during the craccing poriod, walie alaity ger cent 
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is absorbed by the moltun suit. in tae aainbatic process, 

a Sonewnhat higher temperature Le anintalned. ke molten salt 
$s circulated, thus effecting &@ considerable saving in e,alp- 
ment amd Ogerating coats. The re .cired amount of exothermic 
regeneration heat is Stored ia the mase of sateiyst itself 

to be available tor eracxing thw o11 vapors. fart ef tae 
beat is removes in tia pair atreaa and need for strand Gnd pow 
er generation, while tas largwat portion 14 cerrisd away in 
tae oii Vagors loaving tae Catalyst ease ana iv used ta pre- 
beat tne incoming fucd. “ho Gatalyst cyela ie the cane for 
all douary processus, the adiasatic process differs frox the 
noraal operation only in the nunee in which the beat is 


appiliste 


AdVantages of the iouary process over tae previously ased 
vad Oacking Setvoca are tiat the Louary prevess is far 
more Siexibie, it gives Gonsilotentiy bigh ones-tureugn rieida 

of gusviine froa ang orade Peau stocn, it gives a gasolias 
with uuvusualiy algh ectanme ratings and it oan groduce aviation 
gasoline Girestiy from tas original caurging stock. Sy 
Gaenging thy of. Coed ana the Catalyst, & Houdry anit way oe 


ecaplsc to tae produgtion OF other gaeollues on teluene. 
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Ald Pinzed-bec qutalytic procesres are variations of the 
Noudry proses#®, although meny asve tieir Own mums, ther 
fixed~bec estalytic proeess include cycloversion, developed 
by the fhillips cetroleum Coadpany anc in whoae refisery thw 
only pleat of which is now opercting. Little operating date 
are avallablie on this plant, built in 1944. ‘tydroforming 
\describec fucly in the next sectisn, see “Hydrofarmiag”, page 


2ij] is anotacr variety of the original Moudry design. 
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For many years it bea been Known that wits the aic of cert- 
Sin gehydrogenation oatalysts, napnthenee «ith a six mexbarod ring 
ana normal paraffins could by Gonvartec to sromarvics, out pro~ 
Gesevs using these Outalyats had never beeosc Gommersial buecause 
tae catalysts Decune ragicly ineetivated from the Pouling by 
Sarboracsous deposita. Houcry eliminated thie drawback to some 
extont with nis catalyst azelo timing syates.e in the eyelizsation 


roactions, cerboen depesition is especializ serious. 


it was found tiet these earbonacvous deposits ean be minimised 
if the reaction is earriada out in tae prasence of hytregen. ith 
Sauitselie catalyuts and anger suitable conditions, the hydrogen- 
ation process Gan be Oysrated for many montns withoat carbon éep- 
eeition ou the Gatalyst and corbonsosous metter oan even be con 


Vertea to liguié products 24! 


susR Qonditians, howavor, bseause 
of tae high partial preasare of nydrogen that must bo maintainac, 
fail to give the degrees of convorsion to srematic hydrocarbons 
Goueicerec asseseury for commereial sueecsa. Chnerefors, & sodit- 
isation of tac hydrogenation procera was divided to obtain the 
benefit of tne ayGrogen ataospnere without, however, consuxing 
byérogen, tant maxing 1t anneesssary to supply byéroren to the 
process. s¥ reeireuisting hydrogem-rion produet gen to the 
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ea feed stoccs, toe formation of coxe on the catalyst ie greatly 
reduced and the o@talyst remains active for a relatively long 
poriod of time. Taio modification is salle hydroforming, or 
Oatalytic rvfornicg, since soletules are refcrmad into sromatice 
in toe process. <his process is used today in most of tae plants 


producing synthetic tuluent. 


liydroforming wan aotuslig daveloped, az montioned above, fur 
tae dosulifarization and eoteane kmprovesent of lowquelity nupathas, 
dyeroforming graw out of the cooperative reserach sarried out by 
the Me Y Asliogs Company in tae mid thirties wits four major 
O41) companies. ‘recess design was worked out by Collogg and 
Standard sf] of indienae The first comoorciail unit was set in oger- 
ation in 1940 by ran 2meriean Nefining Sorporation at ite Texas 
City refinery. When tae taiucne extraction process was cored out, 
iargely by ‘tundard <41 of New Jersey and Snell «11 Company, sydro- 
forming Dacame of great interest a2 a soures of nitration~-srade 
toiuene. here were, iu duly of 1945, elent weroformisg units 
fu operation. tho Saytowa ordnance Voras eperaetud by tae llauble 
Gil and sefining vompany anu costing twelve million dollars vas 
tae first commreial pinst for the produetion of syntnetie ait- 
ration-graur tolucne from petreleus. A bydrofarning byeprodact 
Gontaining xyloses and other erometios conetitateas an important 


sources of scares rich-mixtares ingrecients. The post-war sarvival 
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of nydroforzing depencea on tos increase in the life of tue catel~ 
yet and a Gecresee in tas Cost of malatemance. Both of these Le 


provewents sews licely. 


Figure 8, page 24, lliiustrates tho followlug discussion of 
the hydroforming pliant iteei?. Figure 2 shows & Piow sheet for a 
typieai hbyaroforming plant. The principal refotioa im the process 
is tne dshyorosenation of methyl cyclohexane (04) with beat and 
in the pressnee of AyGrogen and a Gataiget to give tolvene and 
fres bycrosen. Fresh feedc is seated to roacticn temperature, 
{iret oy mouns of @ Asal exchanger wior: it reavites heat fron the 
products of the racctor, and then by Means Of a te~ealisd Rapataa 
furnaces At the ontrenes to the resctor, tee aot o11 vagzor is 
joined by bot recycle gases <hics say contois between forty and 
eighty per sent by volace of bydrogen, dejonding on the feed stock 
ang tae Gstalyst conditions used. The jJuined strawus of o11 Vapor 
BOG FeGySis Bosses pess thfougn aoe of tay two reactors where toe 
Cateaigst is aleposed and waerse contorsion taxes places The pred- 
ust is covled @nc congensed anc tne gas 18 seperst.a fron tw 
divulge wome of toe gee is recirculated while the remainder is 
released 86 necesenry to Maintain the Geeired peesaare om toe 
Syatem. Che reoyeled gus {5 prangated before jaining the stream 
of of) vapor in the reovyele gage Turnacue. The Llicnid proauat is 


Btabliiaced by rimoving tag dissolvec propane and liguter hyérep 
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gurvons. The stabilised liquid preduct is taen treatec by recor 
ery methods (see “Toluene iecovery", page 47) to eonoentrate tze 


to luenée 


In spite of the fact that the coxe formation io email, it ia 
etill necessary to regenerate the cataiyst at reguiar intervale, 
Zo persit continuous operation, at least two resectors are provided: 
one is being regenerated while tne other is cn stream. Uogoner- 
Stion of tase catalyst is acgoaplisned ty burning of f the scarbonacee 
gus Gopoaite by air diluted with spent regeneration gas and flues 
goes. s.uring tae regeneration of Meactor 1, for example (see Fig- 
ure 2), the valves marded “1” are sept ciosed and valves marked 
"2" are cept oveme Talis allows tae regeneration gas to flow free- 
ly througs seactor 1], but not Aeactor 2, anti the vapors of of] and 


gate to flow thrvigh seactor 2 but no& Keactor le 


The hyéroforming reaction is endotaermic aaa tas tomperature 
Grop froma reactor inlet to outlet may be as much as severs] AundH 
rei Gegress (FPanreaseit). To narrow the ranges of temperature in 
thea reaction, two reaeturs la serive with an interaedieate roseating 
furnace may be usec in place of each reacter shown In Figure é, 
PaRe S4e At the sonditi.o8 used, tae eculilériaa relationehips 
promotes the dehydrogenation of n&gathenes anc tie bydrogenation 


of any &lipaatic olefins that may already be present in tha feed 
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or that may tend to form. fae latter reaction accounts largely 
for tav lower rate of goxe formation in hycroforming ag compared 
to operation without tae nydrogen atwosphore. Jliefins, which tend 
to polymerisa to fare coxe and tar, casnoet be present in high cone~ 


entration on tee eurfage of tie catalyst. 


Lonyeregenation of napnthsnes, particalariy of those witn eiz 
Carhon atous in the ring, aceosunte for moet of the aromatic pro- 
auction, altoougn, sone toluene’ is produced froc oteer components 
of tas feed. vats on tee Aydroforming ef relatively pare sethyl 
oyclohexane are given in Table If, page 87. The loss of methyl 
oyclobecana atountec tO over ninety-saven per Gent by Volume of 
that in trae feeds Ainaty-targe por cent weat into toe production 
of aromaticae in the srogqeec, some side reactions taxe clace whieh 
result in the produetion of -bensene and some higher aromatics other 
than toluene itself. About eighty-five per eent of the methyl] 
ayeiohexane wis converted to toluene. Table 11 shows, however, 
that the woiazetric yielc was only Seventy-one per cent. This 
arises from the facts that oycrogen is lost in the conversion 
ang that toluene bas 8 Aighor if,uld geneity than methyl oyclo- 
hoxeaned. The thecoretioal volametric yield Prom metoy] cyclohexane 
is elgnty-tarse yer. cent. is these enloulatione it wee assumed 
tant the two amc one-hdalf per esnt of teluene in the feed prowred 


through the Oparation anchangeé. cate on aormm) heptans aré Bide 


~té~ 








AUN APES eee? We Tineimede ey serteiegen Ww time 
“VEE SL inety Te Fen 503 Sime anh) wet a ennte goes 


AR tts oork enemy £1) Hid Ome .Ageeder patdsond 


he el ee ee ee 
. bee Te onal od <n 1k ARO A) Bets me commadiogg 

Ve BLOT DY Nee Ae or ree —yhendD Coen Os tee sendogD 
el naberE ee Ore! Fey GPO Oy ee WE~Dhnde chee) net oh te 
ON! GOOLE Heed meeenees tle ooee .>tSRENE pas mh .eehdeewse 
VOGTE FOIE TUITE TARAS UE SAO (meses Ge ecdrembery 84 98 fibers 

over ot We reo sey «Os weske foods «weld wesene? aeap 
| gReWuoes sapaie Lf SLM" .emeehor o2 beeserery sas wennesclow 
ial 8 18y AO Wieen Yee bes Sele biwsemnio® ate tar 

miloreroe wei i Heol Ot eae yn Seely BPA) att COTE smith 
IFW LOAN Aes Ne Ale E smnln = Aas smKcH sam ne 
mowemelany Lgnoas wes Gantt Stet rmley Lasts vvowm até sored 
Semmes 496 4) Gib/alvalee seen? at GEBAH Orou-wonls Ui 
he ee 
OLA O84 eGetuet Leen wo ara. pean TTT «1 de ones 


—w- 


given in fable il, Sormel heptane yieldea, uamder the conditions 


eaployed, omly.& relatively Sali amount or toluene, and, as in- 


eapie ri‘ 10) 
Gydroforming “fare” Compounds. 
BOA Nee ptends Toluege 


Botling point, °F > 224° 269° 221 
Feed Fred Pest Prod Fecd Yrodé 


Tiolds based om feec, volume por cents 





iry g&e one 968°* me KEY tee Ot 
Ligula poreffizns GeO led “— &9 25 020° 
n~eptane Get —— 106 Bie GeS. oe 
ao 97 6 Ze? — 06.0 2.5 
Sen sene 0.0 Ke “a + Oe’ 0.0 
Toluene 205 70k 68 11.7 97.8 937.9 
Aylenes, Ltayl bentenue, 

and heavier arowttics-—- 1.6 -- ’ 0.36 . 
Boiling range of liquid product, SF; 
40 % at 224 Uz? Bol 
50 ® at 202 136 25) 
90 % St BLS 204 Bee 
Caleulutec couversions to aroustics, por sents 
MOH toa tol arcaatios 9S -—~ — 
MOG to toluene 8% — “~ 
B-Reptane to tolusne =~ 16 «= 





peries 


*Hot determines, but beileved to Bo less taan one per cent, 
“““eight por eent 





dicated by the gas ylold anc the boiling point rangs of the pro- 
duct, was extessiveiy cracked to ligater hydroeartbons. Although 
seventyening per Gant of the normal boptene Gisa,,earea In tae 
reaction, oniy elateen par oent was eonvorte< te telunne. The 


Superiority of metoyi cyclohexene a8 the feed ie chvious. "hile 
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Other catalysts are satisfactory for the laboratory oonversion of 
Boreal heptane to toiacne! 4 V_ By 4, Av, 16, 29) (sec “Catalysts”, 
page 6&4) with bigner yields, no commercial] process has come to 


Light. 


foluone was aleo hydrofcrmed to demonstrate ite stebility 
(sce Table Il, page 27). Little, if any, conversion ecoarred 
oné it bas genarally been seaunec in evalusting practises) charging 
steces thet any tolaene in the foec will @ppear in the hydro- 


formec producte 


The boiling points of toijuene ona @ethyl cyclohexane are such 
that both oun be conveniently include in o narrow ent of nepntas 
Charging stock, therefore the aynthetic and naturel toluene ap pear 
togetner in tae aydroformeé prodacte Meany other compounds are 
present in the feed. However, experience with many fecc stoexe 
has Shown that the toluene yield can to a large extent be accounted 
for on the besis of tne tolusne and metay? cyelohexane content, 
and toat, while tae cumulative contribution of ail otner compounds 
present 16 an im.ortent consideration, the toluene yield from 
aay one is pretibty quite enn}. 29! bm amoeption is methyl eyelo- 
hexene vhich occurs in eratced stocks ané appears to be converted 


to toluene ic “igh yleiaa. 
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; lt will be seen then, that the methyl cyclohexane content 

of potential fees stocks can be used to calculate approximately 
their capacities: to yleld synthetic teluene by the hydroforming 
process. The methyl cyclehaxsne content, together with that of 
tolausas, is shown ia Table 1, page 7, This met yl cyclohexane 
content is always greater, ond in sany Gsest ten tines ae great, 
as the toluene content. It 18 obVious then, tant by converting 
the methyl cyclohexens to tolagne, muon lees crude naead bes proesste- 
ged ance mach ises equipment it racuired te prodees nltration-grade 
toluene than if only the saturai toluene were extracted. In 
antiyting potentiel fece etocks, it wos not poesidle to dlating- 
aianh setwoen the isomers methyl cyclonexans anid ehtyl oyclopente 
eng. The belling joints of these isomere differ by only a? ¢ 

ang their goneral paysieni properties are seorly the saom, Trere- 
fore, tre Valusa given in the seeoond columm of Table I, page 7, 
include such etnayl oyeioventane as is present. Indisatione are 
that the methyl cyclohexane « etnyi ecyclopertane mixture may oon- 
tain aboat fifteen to twenty per cent cf etnyl cyslopentane. By 
comparison witn éi-~mebtayi ocyclepentsne, which bas beer Shown to 
yielu only a iimitec awount of toluene, it is to be expected that 
tne eatoyl cyclosentene woulda produce muck lewe toluene teen tie 
methyl cyolohex@ne, enc it is nesssanry toe tace this ints soguant 


when evsianting various feece on tas basis of thelr methyl cyelo- 
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hexane ~ ethyl cyclopeatane content. 


To determinw tae extent to weich the toluene producing 
evaponent of tae feed could be soncentrated in a norrow bolle 
ing fraction, a typioal 200° to 250° P virgin naphtha wos 
fractionatoc into narrow cuts at « nine-to-one reflux ratio 
in o twenty-four piate column, and several of the cuts were 
subjoote:: to bydroforminge The highest yieic was forty-four 
volaue per cent (eee “urve I, page 31). In this case the fed 
oontained fifty-seven per cent methy) favedien pivs ethyl 
cySlopentane and Five per sent talusnee The tolwene concen 
tration in the prodact was fiftyenine per cents on a broader 


feed 1t #woula be sonsicersbdly jowers 
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The thermofor process was tne first atbempt bo get away 
from toe intermittent operstion ic tas toadry, the bydroform 
ing, amd all fimed-bee processes, for eltsough tas plant as @ 
whale was Operatec On a alaujatec eomtinucus fiery, the catalyst 
ehsee thahsbeltes wears shut down to permit the revivifiestion 
or regeneration of the syont oatalyets. As is evident fran 
Gtyaying the fliged-bed typos of prooseses, a far greater cases 
voiame is reqgairec for tae process than {8 actuaily used at 


any one time on streams 


2e@ thermofur process Wes deveicped to eliminate the 
interaittent flow in tae catalyst eases thenselves and maxas 
use of a moving Gataivst beu instead of toe Pised-bed. The 
method in which thie woving oatelyet bed could be utilised 
presented many sroblems, but was finally worted out by the 
soe@ony YVacuue Jil vemyanye in esbence, ths preeess consiats 
of u moving-bec of Gatuiyet, Ganducted on its way by moens 
Of meshanigai conveyors throughs first tas reastar, and thon a 


Riln in whios the oatalyat is regseneratede 


in ludl ao five-hundred-varrei silet-piant unit was set 
in overation at the realebora, New versey rofisery of the 


voGong Vasuun Jil Company. in vetober of 1442, the first fulle 


e 


1 AF lee ciwes Oem ates SeYORE 


eee fee 04 fgets treat) ae eee aeeeem ined) of 
HO mbt . ruewet es Os Cds teds tee S/ treet ene eed 
Os donlg el dquatcie cok ,noumesey see~Peed) iin Gas ,geh 
(OT Aleo «OF 9 eeedatdere ENiaimie + ae aeeeenye aoe Slee 
saleenlWietves oO Chews of mek frie otew boris bende 
HOt) fumklitw G2 oe .eteyeeien Tempe eae Te aultateaege HS 
whee Yetees Tel & .eyenrocm Ve sone Bed-seel) otf polyegre 
Se Gute Glaimeroe 4. Saud anecewy Ge) Ye) betioyet 4) comlev 
eis O emlt ane ye 





ow efenimlla of seytlere san canoe, celuenee wel 

Rasen Aah tofloanedl easse PeUAced wat of wok) theléteradal 
=o .bed<beel) cee We Geeeeet ond ceciefas pairee © Yo ote 
AORLLI20 Wt Abe Bed Sethede® amivem elie eotae ol Becdee 
we Oe wt ferem Witaal) cer ied ,emdey, pret beteowwe) 
SIN2i wee comme, vos ee eee 
ere GF Ue afi ae teleeere .iPtirees We wdd-ued tee @& We 

@ Bwts Pee ,Verhers ws Beall aguened + 4eyetem beolemtom! 
steerer 0 ferleter ot enter cf alia 


dee ane sham sankq~-7hile ivtwesorsdawe—wrd 2 © seek me 
amr De YRees tee peewee) ost , ctetiiew: cold da wolioree ol 
wLiat 7e4st abe ,OoaE We tees of 6. Gheyede 12) mewoe! yceot 


-ti- 


ecale cocmercial tawruofor plant was Operated Bt the beaunont, 
Texas, refiaery of tow Megnelia Setrolewm Comyonys In June of 
1945 there were thirty-four taermefor reactors in operation 
througnout the eountry, vite a total nominai charging capacity 
of $44,000 barrels Gé&ily, representing sd0ut thirty-one per 
Gent of the turee major catalytic processes, foudry, fiaie 
ome 2CG. vome TCC anites have produced as hign as seventy 


per cent over the ratwd capacity. 


Figures 5, page %, gives tas flow taeet showing the ime 
portant elwsents of the TC. precess, The TCO process involves 
pessing charging stock vayors wWhrouga © moving {golie bed} 
mane Of catalyse particiss or of peeaiug Lli.uld oharging | 
eteod or a mixture of li.uld and vapor Gown throauge tha apy 
ing bad. She Va,ors are aGaualiy [ased aprarde The ofl feed 
is Ciret rid of the tar by flashing in @ tar separator, as 
in the Soudry plant (page 14), ana is tren pusaed tarouga a@ 
suporaevater end intgy tae roadvor, wrers it flevs up agaist 
toe dGownflewlng cataigate At tae top of tae reactor tae 
Gracked proauet io witacrsen and sent te whatever unit 46 used 


for recovery of tae tulacme (se2 "Toluene cocovery”", page 47). 


The Gistinguilehiag feature of tre MIC proesss fs the flow 


of the cutoiys! and tae astood Por rendering tne process con 
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pletely centinacus, The Gutalyat is & treatec clay inatesda 
of the beac cataniyst used in fixed-bad procearsae It moves 
down through the resctor Cy gravity amd eniors a dlagomai 
leee from the base af tae reactor ta the spent catalyst eleve 
ator. Im the @pent catuiyst @alevater the extalyst le lifted 
by a bueast comveyor to the top of the elevator tower waere 
4t ie dumped into another Gingonmal leg leasing to tav top of 
the thermofor kiln. “he mast sovVes Jovn toruugo ta therao~ 
for ciln, sgain by gravitational force, against tne upflow 
ing strsan of regenerating gsees whica —— of Piao 
@as, air and steam. The Sent of ta regeneration reaction 
is utiiliscea to produce proeese etesan in &@ boiler anit, aot 
snow is Figures 3. Tie outiet regeneration gases ure sent 
through &® eyolonic Gust separator where any @ataiyst dusi 
bast sight be sntrained is separated and fod back into tha 


eatalyst fiow linge 


From the base of tua thermofor cilia tho cateiget reaches 
the regeneratec catalyst alevator throughs a élagoneal leeie 
from the top of the ragenerstes cata.gat elevator tower tae 
Catalyst renvbes tae catalyst bopper by another aGlagonal leg. 
fhe Gatalyet is tacen to tue resctor taraugh & vertical pipe 
mown @8 tue “Clay isg".s Considerable spucviatlon was pre- 


Valent concerning tae posaltiiity of siewlng out the olay 
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leg when Sigh pressure reactor conditions were used, but tests 
unger preasures up tc the ibait of the Vessels testes showed 
that the flow of eatalyet down tarcagh the Gisy leg was aever 
eariously impaired. Another point {a tae offective seal used 
at tou base of the raactor, The Gatalyst is purged with steam 
&s it leaves the ranctor, wc thus ie ric of aid feed Vapors 


which, in effect, are thenby soaleas 


& typleaci pisnt using the thermofcr process ases & Peac- 
tor tower filled with baffles to effect tae proser mizing of 
tae Vapere anu catalysie The tower ie thirty feet bigh aad 
— anc one-half feet in clameter. The regenerated cata 
lyeét elevator is —_ ons -baneré¢ fdet.bigh, while tae spent 
eataiyst alevater is about seventy-five feet higae The reac- 
tion tumperaturs asec is about so¢° * to icco® F, 38 in the 
processkae previously dise.esed. The pressure lo between ten 
ami fiftesm pouncs per square inoh gouge. The spree velocity 
may be varied between Gel ane SoG cuble Peet of vapor par 
euble foot of catalyst por hour. ha Gataiyet residence time 
in tne reaction tone may be varied frem a few minutes to two 
hours, Geponding on otacr Operating conditions and tae exutaligee 


UGHE » 


arse fe. S18e Gets Deets Authert Sesemy GP wee Bes 
SUAGND Sulend efemese 687 WH thks ed 4 we tome Se 
Es See Geb Ae at) Certs mw leqiee We vost ea eee 
O6Ee Lewd Heber TIS Wat 8) AiG VERZER) sewthew? glamdue 
aeFe OIG Wey OL COYL EMD wT i rtwry ony DO eked aoe de 
Steer Cet Che We 207 tf Ge ee peteeet eet wormed al oe 
- ew Gee! ow foetal 


e 


SPN 2 YAR RARER NOTRE Gadi Henly Levey 
We ainda wiry, as tuntin os wacTiad ute onl Wnt sad 
se AAA YeeT NER! 5h Hed ae Mrvintas ae eveua® nt 
whe tasers i sapemabe a6 150d Mne—wm 46s awwale 
aos WOU UStoe yAbIe ND Hrume Mr Rous Al ystarnLe Fees 
eet a saehs 20y2 POP ylenren fue 4d Tetevee Kiar 
mit sh 96 5 Mati a 5 Soe sede ot nuns wrararogmn wie 
Gad arreee Af emecenmy sot de develh Geel tem, emtecneny 
Slbkioe mys tl vapeny seed renga 04 Aameny eet be 
eq Viet Se fen! Stier Gee a Lie eerens cede od gee 
2h) cegrhbewt beet! OT EO me FO ued Re 605 hee 
ore «ft wileein wel & arr eaeee we Gee ome Deeree re vey at 
Coyied © Oe Gas MMS md Poles Velo or cea oun 
° 1 ae 


Interesting e@eong recent iuprovements in the origins) 
process is tas asa of ateps in the cingona: feed legs tarough 
wnies tee catalyst Slows. “erlous erosion protisas were pre- 
gates wy tho flow of bet elegy Gubsigst Gown too éhagonel 
legs, amd these lege hea te be repiaged more often them was 
eupecte.. ts @linioage thia wear, steps were installed in 
the Ghagonei bo tat the clay cataigest wae foreed to Plow or 
@ascade oVer ths steps. Thas the catalyot built ap a leper 
On the Biezpe2 ane instead of Plowisg againet the lege, it 


Slewed over itpelf and re.ueedc tue erosion to e sinines. 


“ke therm@efor Cate.ystic eracking sroeess diffora from 
tae ‘padry grooess only in tiat It offecta a sentinaous 
operatisn tarcauga tus uge of a moving hed of catalyst. The 
Gataiyst must still be regensrate: &e before, bat tae off iow 


kency of Gyeration le greatly improved. 
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@he fiuié catalyst process represents & new chemioenal 
engineering techaigan whieh bas wice avoiieation to Indust~ 
rial operations, both cateiytio and non-oatalytic. This 
principle may soon be applied to suc operations a6 ore red- 
action, coxing of cosl, water gus asnafacture and other spec~ 
dalized chemicsl procestaes, rogardiless of their respective 
operating oressurese ‘Snis development sas been auce@asfulig 


applied to toe catalytic ersoxcing of petroieum fractions. 


She flale process operates on the principle of a moving 
bed of catalyot, a6 dvas the TCC process, but the fluid pro- 
cess aogs not handle the catalyst sechenleslly at ony stage 


of the proeess. 


toe first Pluida Gataldyst piant was ieacea on stream at 
toe Saten «ouge, .ouisiana, reafimery of the -tandard wi of 
hew Jersey voupany in 1948. Sy vane of l¥éb, torre were 
tairty-two plants oversting on tne Pluid cutelyat er oCess 
in the snitea states, wit: 2 nominal tareughpat of 400,000 
barrela gaily. Your are of tae apflow type: the rest atilisze 
the mors recent ¢downflow methoae ine worid's largest flaia 
Catadyst cracsating plast was placed om stream Im leseuber of 


L344 at the évon refinery of the fide Vater /essociated Ji} 
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The fiuia catalzat process, Se stated abova, @apleyes a 
new techmigue in Asodiing sol\G materials. The solid material, 
in o powder form, is sept in a fiuic or erecly flowing con 
Githon @t ail tines, anc can thus be Sandise in muds toe mame 
oy 4 & ligain. 4 flukeined ames can be circulated by appli- 
eation of the gas-lift principle — that is, by Salsnolag « 
doonflowins straan of clgh-ecbids density ageinst an up? low 
ing streen of low-aoilds density. in otovr worde, tho re- 
caired pressure differentia] for cirealation ic obtmines In 
tuce the same way a6 water would be transferred by balancing 


&® coOluwn of water against a water-gas mixturse 


the basile @yulpwernt involweé is Lilastratcd im Figure 4, 
page 40. There are tro primery cones, @ oreexing ané a re= 
generation one. be principal apptratus is tos same In oesch 
zone: standpipe, ceection veasel anc Gust sepirater. il] 
Vapor is contactec with regencrated Catalyst aeliverca by 
grevity from a stanépipe, and tha mixture flows in nuspension 
into the oraexing reaster «here the reaction securg. The 
mixtare of orectecs petreleat apg Cxutalyst flove through eyolen- 
ie duet recovery equi vment where the ostalyst is recovered. 


The separeted svent Gatalyst is collected im a sopper, Plows 
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at high density Gown #2 stanctpine, ané i8 Injected into the 
stream of air nged for regenetativn. this alr oarrios the 
apent @satalyst to otaur regener tlon vessels, ana from taere 
inty another set of eyclonie @uat collectors where alncet ali 
of tne eatnlyet is removed from tuo flue gare. Ihe resoverad 
catalyst is eollecte: in as nopper, flows Gum. through & stand- 
pipe, and is fnjeeted into tne ofl vapor atranm. The oycle is 
thas coulpletecs 


Zane fiow characteristics of gases earrying solid parti- 
Oiss DEVO boon curefully inveetigatedc. it ras seen found 
poesiblo, by sultublice Bcjumtnent of gas or Varer vWolocities, 
to build vy reisatively align con@entratious ef cellde ehere 
Gesirable, sa, for exaigie, in veactirn and regeneration ves- 
S25. the densities that dim du odtuinsu are Puneti as of 
the Peed rate, Gompogition ana particle sise of the particles, 
as well ae of tse vVawor Or g63 Wolocity. -vrastura drop from 
friction is @mnils; the mein preseare 4rou in t19 syetem Le 


Gua to @tatic hencae 


Aitbouga bigh oencentrations uf solide may be sdtaiaea in 
reaction Veseeals, the solid=-gas miztaure is extremely turbulent 
onc resembie a bolling iiguid in muny regpectee AB & PeEAlt 


of this high turbulence, wits cucesquent rapia oireulaticn of 
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Solids, the temperetury throagsoat the solids aaga is surpria~- 
ingiy uaifors, varying less thom five segreas Pabrenhelt from 
bottom to toy im large vescels 1a cate.gtic eracxing. The 
exirem taurdvalenes of vee solids in Vessels of this typo of- 
fers many auvantages im temperature conmteod in eateiytic or 
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Figure ©, page 45, saawa the flow enest of 3 typienl 
Pluig eateigal eruccing plant. egeneratws cutaiget from a 
Storage boypear flows By gravity tirough a @tescpipe aad is 
injestec ints tne fresh oi. feed vayor whieh carries it to 
the Graecing reactor. Ths Yolocity in the resotor la lov, 
bo maintain a high soncentraivion of tatealgst, and arac ing 
oGcure with the sudse.uent deposition of a rbonaceoue wigter~ 
iai6 om tae Gavelycie «ho Sigture oF Oracaet products ema 
Soen. Cataiyat Troc tus oraeding sone 13 saparsiod in cyzlieniz« 
dast recovery eiulpaoi.ts; the eresaen products flow to regevery 
@ .ulpmsnt ( ase "lolusme deoovery”, page 47} for seguracivua inte 
Geeirad Quap@ceutes The ayent Oataiyet grape ints a storage 
hopper, Ciows uoun & standpipe, is pleses ap ¥y on undulating 
&if atroie pau is carrie. te tae Me geserater in wiica the 
Carbocacesus cuposite &re removwo By obxbustion. ‘Lae alz- 

Sure of Clase gas and Cutalyst from tus rogencrater are seper~- 


atten, tne Cateiyet arog ing isto tes rageneraten catalyst 
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n@pper to complete its cycle. 


The feat evolved in buraing tha carbommawoua do posite 


on tae estalyst is greater toan @an be absarbes ae seasidle 
heat by tus catalyst without excessive tempereture rigs, it 


i¢ therefors necessary to have an additionel seanus of absork~ 
ing regenerstion seat. Thais te done Wy cireslatiag tas re- 
generates catalyst tarcugh sheileand~tabe heat oscaangers, 
using a sa;arate standpipe efreait as anown in Tigars 5, puge 
43. The see@ling meaium im the feat exchongers im the anit 
Geserived is freen cil feet te the vient. Aowever, the heat 
wbeorbecé Ly the of] is ordinarily wore tome that reczired to 
bring it to pro ver temperatures, and 2 furtaer dissipation 

of tails neal is onde to produce vorceses steam for uee ta tae 


piasts 


QGperetion of tae Pliid orac-img plent fe entirely guto- 


matios  **! 


se fatio of enteiyst flow wo of] figs, for ex- 
auple, is ocentraliss oy « meeianies actuated by shengwe ta 

the Gongity af the oataiyet-oil mixtore. Flor .f tu estelget 
to the regeugrator ts agsurea by autowhile goatrod of tae 
isvel uf tne cataiyet in tne Syent eataiyst hopper. / deliare 
ly, the Poegenerstor temperature fs geverned br tin gatomatic 


Pegedatiam of tus cametity of Gutsivrt clreuiated taroagh the 


beat exdvhangors. 
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The flexibility of the fluid procern Le demonstrated 
by thy Pact taat operation can be carried out aver a wide 
range f orxodcing avd regeneration tom eratures, as we)) 
ad of Gepth of eracaing bade ‘eeotion tamperatarss smn 
de controlisd by varying the amount of heat asplicd to the 
o11 in the furneces fnd to the hot catalyst cireulated. 
Sormal roaster teapereturea lie in tne range Bo” te 1000 
FP, as in the douory proessse. The regenerator tomperaturss 
can be Worivd cover a relatively wilue rapse, but are mormel- 
iy xept setween 1000" and 1200" FF, Wx Gupth of oraccing 
is governed by botn the mnount of the eatelyet im tae reac 
ticom suue and the Patic of Catalyst te oii fiew. This flem 
Soliity ig iovortant in tuat toe enareacter of the grsauets 
ie eounsl@:retiy affect. « by botn tre temprratare end tre 


Gunvergion ieval euplayeue 


ike pressure lever, Can &i80 be held at Buy asearec 
peint within the sefa range for tow Veewelie usede In most 
present installations Cor gase-o1l GraceKing, tas vressare 
at tue top of t10 reactor wesel 19 about ten gouds ver 
equars inen geuge; taat at the tep of the regeneratian 


voese)] ig asout atuoéepaerie. 
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Cracting with o suffable catalyet (see “Satalyatea™, page 
$4) at elewatec temperatures produces, in adettior to high 
gielas of olefins end teebdutane for slay ation, a gasoline 
fraction Gontzining fairly large seounts of toluene, xylenas 


amc tae Aigner aromatics. 


rey pete Gesae™ ene) rer ine er «(tae © Site gateceg? 
hate A att me Bh pee arm orm teutER ewameie te | ah 
cotimeas 2 Belem roue oo) onepwOeet sas Ret teks Te onset ¢ 
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gone recovasrlte 4 12, 20, 25, 22) 


As c@n bo seen, an sromatie-rish mixture can be obtained 
by sovora] means. The sucesss of & comasreial operation for 
manafacturing synthetic niteation-grace toluene does not rost 
solely on tae dgvelanmant of 2 praatical method for preduc- 
tag the tola né in uAnotity from petroleum, Sut aleo reguires 
@ gatisfactory solution of the problem of sepmrating the 
toluene from tow other ogmponente bolling in the saw range, 
tO proguose the high degres of parity demandes by nitration- 
grave apecificstions. “Caparation by superfractionation 
alone, sven under sost fsyorable cenditions and with a great 
mny @culv¥alent gintes wea not satisfactory, beeause of the 
very small diffsrences between tae boiling points of the ime 
purities and tuat of toluene itself. Mmreover, toluene forms 
Sseotrepic mixtaras with sone af tae otner eonponents of the 
eracked etucs; tuese mixtur-s boil at temgeratures differ- 
ent from tant of pars tolucno, end C&innet Oo resolved by 


ve 
simple distillation msta.ds.!*"! 


#receasas Por tas liculé=isese solrant extr.etion of 
aromaties frac syarcearben mixteres were anosn, bet tne nigh 
est sromitic concentration obtainable by the cneva methods 


WAS Only about setanty-five to vignty percent, while tro 
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specifications for citraticn-gracs telusno caiicd for above 
99 per cent purity. nis peoblem bad not arisen in maxing 
toluens from cosl tar beS@ave that product contains little 
naphthenic, oeraffinic or alefinic oaterial, and toluene 

Gan bo Seperster readliy frea the otzer aromatics by chen- 


ical parification anu elmple aletillation. 


Zhe method Geaec by practicoaliy aii of the reeevery 
plants in ase toguy is that of sseetrovic cistilliation. sn 
&seotropic sixture is one whion forse & aouetent~bo Li ing 
@ixtare vaica dbolis at 2 tosuperature different from, and 
usanlly lower than the boiling point of eitaer of tue 
Constitucnts.s “se@tropes amy bo formed between two, tare, 


Or Myre CoapuneEntse 


Apeotropic mixtures by woieh toluene usy de separated 
are taose in whien the imparities form an aseotrops wits 
tae aso0tedeeformcr Gdced baforsa distillation, and in whic 
the a#eotrope Boils in pn range far enouga somovec from tant 
OF pate toluene to perait tae aixtars to be fractionated 
resaily. ach ssegotrose~lormers vary witceiy in chsrecters 


0 } 


methylethyleastone (HA) 


ANG water," ond & low molecular weight mitre paraffin 


(aj 
(i.e. nitresroer.ae ] have been Gaggeeted. By far the most 
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Figure 6, gags 50, shows the flow sheat of thy Segnolia 
Fetroleum Soupany's toluene vedevery pliant, Ssnumont, Texas. 


fhis pluot uses ths vethanol-ewater mixtaras 


The toalasnse roeovery consicts of four main sters:, tae 
praparaticn of « toluene concentrate boiling in >etwren 218° 
to 245° F, the comeentration of the teluene cut to ninsty- 
elgeht ser eent toluene by aneotrogie distilintiion efith mathe 
anol and water, ani the purification of the c. agentrates 
toluene obtained in the egeonc step by an agle troatwont, 
end the rerumning of the toluene to previdw eltratim-grace 


PPoaiste 


There are two gerallel sycteme fur tat concentration of 
tae initiai toluene Gat. a8ch receives creceec vapors from 
atestm still gasgline piasts enc «a poayforming gasdline piensBe 
This feecé might bo from any of tae emtaiytice eraccing pro- 
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e@Oh goncentr: titm still unit censists ef tes fractisoe- 
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blending. The bottome arc sent to the seoonc tower, where 
the OWerdend fraction consists of the eontentrated toluene 
@ut. This wey cerry between eignt snc fifty per cent of 

tolawne, deperding on the fewu ang otier oe nsitione. Tho 
bottoms of tae secone tower consiat of heavy gaeciize, and 


are retarnes to the refiserg for eacld trestaumct. 


She toluene fron eace Concentrator is stored prior to 
adéition of metaangl and subsequent freeticuation of the 
aseotrape in toe aseotroze towers. The uverhead from the 
firget asegtro,e tower is af alagset constant somposition, 


edatelining about Fifty-five per cent of water solation of 





methanol with some ayatocarbon imparity. ‘The tettoas eonr~ 
tain from rifty to seventy per cent of tolaene and are sent 
to the seOSn< Bsuotreye tower. +604tlons] methamel is adiod 
before tae mintura enters tae tower. The Gfetiliate from 
the #e0cnG towet contains abeat ectenty per cont suthamscl, 
ead includes the reusining traess of impurities. The dot toms 
carry from minety-six to ninetr-edgat ver gent of pare tol- 
VERG.e The top pretucie froe the two towers foin and ara sent 
to Cm extractor auc metiacuel tewers for solvent panes: 
The seee Tajects, suown in Figuro 6, page BO, ta substant- 
feliy aieghol-free guesline and is sent to tre blinding 
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The vottome From the last aseotrope tower, containing 
ninety~eigel per Guat of tolavne, pass to the acid treaters 
where tio toluene: te treates with pinety-eignt perecent sulf- 
aric aci« im tae acid settlers. The lurtron settieors act 
&S Gvunter-current sludze settlers. The toluene then paseos 
thruugh a gravel-pacaed coaguiator, or filter, and thonos. to 
a woter wash in a tower paekod with aasohnig rings. After 
wasuing, tne mixtures is neutralised in another graveli-pacKed 
COaguiater. Tole secaenge of ceaguiatiun and water wash is 
used $O prevent too forwation of an emulsion tn tne agutrai- 
isation stop. ilydroiysia af tee sulfates wad sulfonates 
present occura in too Caustic sontactors; tho contact tine 
is aboat one Hour. Ths ayurolysis eilmineates the breacéown 
of thase Goeponorts im the rerun tever, sith the ascompany- 


ing acia cerresion. 


the Gtluene rerun tower delivers toluene wits the fol- 
Lowins characteristics |14! paraffin content, one-haif of 
ome per cent, distillation boiling point range between 110.69 
and 110.8" C, spooific gravity, 0.669, and a Cloud point be- 


low ~ 36° G, 


the methanol is reeeverce in a counter-eurrant extratte 


lon in «a tewer pacced witn Sesehig rings. The top produet, 
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ab mutioned svove, is suistantisily alcohol-free gusolins. 
he bottuma, carrying thirtzeose per cent ef aethenel, are 
sent to the metaanol tower, vateh is a twentge-plate fradtion- 
tion cOlusm. The reouverss sethanol ta resycled in the 


Process. 


in this plact, eighty per cent of tae toluese present 
in tne feed stoc« is recoverade Tne chicf losses ara in the 
aseotrope rejest and in the meic tre@tnent smd rerun ste pte 
shia wetacd of saeotropie diatiiiation londe iteslf easiig 
to tis reeovery of tolavne fron petroleum fractions waloea 


Guntain a niga pereant .s@ Of avomatios, Inaluding toluene. 
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Catesyate for petroleas refining have beon Geveioped for 
many concitions of usee Fer instanoe, taere bro aydrogon- 
«ating Catalyule us well ea déenyorogenating onas, cyollization 
GEtGlysts Bac Guibulyets to breas Cown A Ping structure. 08% 
Gavaiysts are dvVelayes for s Speoific res¢tion. che petral- 
ua Gatelyste ecunsist of & iarge variety of clays. ‘hase 
Gata.yetsa ubsaiiy ountainc netail.e Goepounus formed wits 
metade of tae fraurts, Pifts waa B4xth groupe of the perioatie 
Geert of Giewents. Theme coupouncs (iergeiy oxides] are 
S4SC0RKeu OG Foat 18 <bvwh ae G Gurticr Or supporte#, waica 
C@nsisie of activates siiid: OF Blumingd This whole wlature 
is formed initio bwaué, peliets, gracules, clay or Gust acoord~ 
ing ts the tyre of protests ip aniekh it 16 to be uted. The 
mothed of praparactiuna of taese oataiysts le very important, 
Sines SAC@SSiVG Loaperetuses 64% Tuin them for some reectioua. 
Various Luce slewents, Mewn avy promoters, may be added. 
Snese Seip to segregete toe reaction for whieh tue eatelyet 
is gasignes from oteers for whienm tue parent oxide may be 


&cotlv¥s. 
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Grosse, serreil and watvos!?*!, of tne Universal 011 
Products voapany, are respomaivie for the illustration tn 
Curve II, page 56. This curve illustrates the effect of 
tow aature of tee different uatals used as the eataiget on 
tee activity of tiy eatalyet for denydrosensting and eyol- 
ising acral fe gtune $0 produces tolurne. Grenter setivitios 
of catelysts and ierger apace-time ylolds mig bo obtained 
wita mixed Cutslyaia t@ataining two, three, or aten wore 
éenydruogenuting sstal oxings., Carve Il illustrates toe re 
@auite of specific aenyurceyolisation of normal beprane st 
850° 6 oy varivas mixtares of chromiun, veundiem and moig~ 
béonam, ine vesadiuemolybésoua oataiyet fea slways lower 
io activity tous is the sympie ehromlum catalyst. ‘Toe 
mixture of ail tures prove. to be the beat, a8 might be 
expected, Mltnedg@h the results were mot naditive on a 
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Apehisela ana vreensfivlcer, ‘ of tae dheli Levelep- 
ment -waysny, Gre responsible fur toe retaining culved. 
iebie ill, pase b7, fe a sompiiation ef data givon in 
tine iy articies =! oma Serves ty Jdentaly the Yarions Oatalyst 
AUBEers ani the GGmpoecitions of these Gataiyats. Caroualas 


oxlen-alusina Gataiyets are orepured by ona of tvo ®utuods; 
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coprecipitation of the hydroxiaes of chromium and alucins or 
impregnation of alusina with & solution of shroule acid or 
& ebrowic sait. in both eases too gaterial is sudsequently 


@alcined to ranove water and Woletiie acids. 


ino fupreguation setaa i¢ siupler, ame under te ecnd- 
itivas of preparstion eau «ith tase promoters to te discussed, 
4t Sesuite in sw Catalyst egesiling or exesacing the astivity 
of Laose Sade by coprecipitation of ohromiea and Alocinan 
oxiget. iae carriers used were Bipoe 4129,%8 20, or BOhni te, 
gamms sip0y, taw auhyerous form of SGnmite; and alpha 41295, 


Or Gbvungum, oo Ratured or syntnetio aign-t aysratere furme 


AGtAvity teste were ordinariiy aeae under the foilewing 
Concitions. in the presentation of test rasaitg, any dev- 
davtion froe toese standards are indicated. 4 temperature of 
490° CG, atesapoeric prestare, catalyst bed used waa 16 inenes 
dong ang five eighthse of am inch in éismeter with an axial 
thgrsoveii, tae Catalyst wolase vas slxty-nine cubic esati- 
mptera, tee 1inul& foed rate was twenty-five miliiliters 
perv aour ana tne ilgaid hoarly space velocity (Liv) was 
MGiuitalusc st Uecd Volume pur volum ef Gitelyst space per 
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Sarve lIL, page 54, shows tae effect of ealeining the 
alanine used os the catsiget sugport fer eix houre at 700° 
C on tue cyclisation activity of ostalyats using aormal 
haptane as the feed. fhe Galcined or equiwal.nt carricr 
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Curve I¥, page 60, iliastrates the effect of two types 
of supporters cn se Cerlusepotasgias-chrowieealuména tata~ 
lytte Tie two supporters, sipha and gamna B10, wers 
teete. &ione eané showed no activitye Agnin, the eslolpsd 


Form ie superiors 


Carve ¥, page 60, gives s comparison of scatalyate for 
tae Gehyurogemation of mathyl ayclonexanee “ome catalysta, 
notably tasge rapresentes by the upper curves, ware pro- 
motes, while otunare were note Tha lower gurve roprenenta 
ti activity: ourve for an anyromoted chromiteaipha alanina 
Gatalyet anc indicates toast this catalyst is deflaitely 
jafurior tie the uthers, a promoted entalyst and @n unpro- 
moV@c Oitaliyet both of uhich ase gasveas GSlenina. The pro- 
moted Gatvalyst iljastratea is superior to botn of tag ume 
promatec Cataigats after sevarai aoura Save passed (the 


time in Roars rupresants tae life of tsa Gatasgeat, Leas 
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the ordinate corfespands to tae activity of tine ontalyst afte 


er it nas been on streem for the time indicated as abscissne). 


Curve ¥1, page 60, suows toe Influenes of tre ehromiun 
Oontunt on tas eyoiisation ectivity of 6 CrpQ</alphe AlpQyeHed 
Catelyste the seximwe conversion is that at wilen the roe 
bu.ting touwone yleld ves the greatecte A simnil aadition of 
GuYrgajum increases the Cataiyst scetivity sharply, while in- 
Creasing asounts of ehrealian Baced to the autaiyat tend toa 
increase tic activity linearly after toc first sharp inersase, 
However, the tan and twenty-five-hour everages are more or 
doses flat after the ehromiam content has resched a value of 


three or four per cent. 


Carve Vil, page 62, illustrates the effect of sulfate im 
parities on tae catalyst activitzye The sulfate ion geome to 
be tae most deleterious of all im urities normed ly found in 
chromia, Catalyst 166 (see Table 111, page 57) was made by 
a.cing saifate to the oatalyst. imall amounts of sulfxte ime 


parity de@ressee toe activity sarezadciz. 


Curve VIII, page 62, shows the effact of varivas alxal’ 
metele o¢ promoters on a Cr.Qs/gamnm AlgOs entolyst (12fpor 
Cent chromium on A gute Quartier with 0.028 mle of the alxe 


aii matel indicated Saded per 106 mole of ecatclyat). Lithium 
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redaoas the uctivity, while both potessius and cesium in- 

erense it greatly. Tha promoted catalysts show @ period of 
industion of aboat four hours, while tae activity of the un- 
promoted catalyst falls steadily from the very beagloning of 


tia Paaction period. 


Gurve ik, page 6&, illastrates the sane effacts of oerlun 
@nd potassium on tas caromia-sluuing eatalyst <s promoters. 
fhe ineattica perioa is clearly lllastrateéd in the expanded 
tims scais over thet of Gurve Vilise 48 statec before, the 


Snévotion period lasts fer about four noars. 


Carve A, page G4, Lilustrates the effact of tue potasaiua 
Gondentration of tae onroxia-ganma aluzins oatelysts. Ths 
“hua bacaed” ourve is characteristie of cli average conversa 
fons. = potassium oonsentretion of ton to aligntecen mel per 


106 mole of ehrusium gives tae oeat activity. 


carve AL, pags 64, illustrates toe effect of Gerium end 
pul.agius on a chromineSlpha alanina catalyst 80 promoters. 
The effects tilastrataé in Carve IA, pase 62, ere on 8 penme 
&laging Satulyst carrier. The eames deductions ean be érawa 


tveet ware dracn for Carve Uf, 
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Carve All, page 64, saows tue offoct of temperatcre 
end space velocity om the Catalgat life. The forse was metayl 
eycloboxane sud the Gu.telyst usec wae namber 150 (eee Table 
Lil, gage 57}. Tae vbuet curve iv for wo liguld sourly apace 
Velocity of Gelt ene a resotivn temperature of 490° ¢, 
heep.ag the speoo velocity savstentially coastent and vary- 
ing the temyer.ture regalte in @ decrease ln cntalpet life 
for an increase in a &6 shown for toe two curvas 
with o il.uié hourly Gyave Ve.ocity ef Ge?k ane resetion 
temparatares of 496 aac 620° C, respectively. Increasing 
tae gpace veiselty haa uo carded effect on tie catalyst ilfe, 
&¢ iliuatrated by the ourwe of li.ald bourly g,ace veloeity 
Le44 and reaction tenpaerature 550°C. wen en fasrense in 


tes space veiocity &pyrecliubiy leaers toe Life of tie outaiyst. 


Jerve ALL1, »age 66, lliustratves tae effect of therasi 

cracxing 32 the Saw feeds, normal heptane and stay] oyslic- 
hexwme. he oyuigecnt used in tho teats outlined ebeve com 
Gistec of 6 stainiess Steel reaction Gaasser. Taerefore, 
&® taecmal Gracting test wae mede on the espty cueuver to 
@eteraing tue aasuat uf lows of feeu by thermal orasaduge 
It may Se Seen taat tow lows of normed begtess to therani 
@Puccinug 24 t.. feacileon tecyercture of the SOURe bests 


(4909 Ci is less taan Pour per cent, and taat of setayl 
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eyclebezens is less toa one-half of one por gent. dothy) 
egolohexsne yoralts for loss loss to thermal eracting at 
@levates temperatures tian does normal heptane. Wevorthviese, 
the thormel cracking losses are all vory low compared to the 


yigldés of toluene obtained. 


Cerian-potassiuceciraonla-ganmsa alumina catalysts can be 
regenor:.ted with bot ale diliuted wita an inert gas such ae 
flue gas at about 660° ©, Ima teet ru (3) & drep fron 
eightyecient per cent to seventy-four per cent conversion 
wet notec after slaty-seven ragenerations (400 processing 
hours} or ou evVerage Geoliae per regeneration of 0.22 per 
cent couversion. The rate of ceclins decreased after that 
to an average oF Oei2 par cent per regeneration efter 200 
regeneraticns (1200 processing sours). The ratio of pres ssi 
cessing time to the time reyguired to complotely remove tie 
Gareon cupoeit wos ateout six to ove for the Gyelisatioa of 
normal Haptsaae, anc tyunty to onu for tae dvaydregenat ion 
Of metoyl cyclouexanae Table IV, pags 66, will serva to 
iilugtrsta tats charactariatic dower garbon deposition on 
the Catalyst of methyl egelohezane. For bota ehtuaysats, 
@oetuyi cycleagxane had Goneistentlys lower rates of de- 
posit than normal aeptam, Glthoagn toe langtn of tae run 


WOaS ten huarés, an teoetnirds more than trat of avrmel héytane®. 
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Catalyst feed length Carbon, weight %& 
é Type of ran Om of total 
houre Cube Peed 
160 Ue/S/Cr,0,/gemme moh (RE ied 0.27 
407 Crp Qe/ ganas nC» a5 bel 1046 
172 Co/s/Cr,0,/genme wl, Ib ted 0.68 


It may therefore be seen tast tae gropertios af any 
particulay oatelyst may ve varied over a wide range to mest 
Gertain operating conditions, and a syeecial catalyst may well 
be deVeloved to meet the requirements of aay espeeifie reuction. 
This discussion, of ouuree, is not Concerned wita tae eao~ 


nomics of @atalyst procustion suc cateiytic processus. 
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Fhile most of the tolauuvme mow aace from petroleen is 
Gerivac from the hydroforming process, any of the various 
pro@esses cetoribsea any be adapted te the production of 
toluivns by progser Seisttion of @atalyet, Pesa stock and 
Operating conditions. fesmturg of two or more sroeesaes 
aay bo Gunbinec. Yor ezamele, Geveloproate may lasd te 
a fluid-@atalyst process which op@rates tn en atagepsere of 
hydrogen, tase combining that process vito the princigias 
of bydroformivg. Katurally, sich dave logmente involve 
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